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ENZYME INHIBITORS 

The present invention relates to isothiourea derivatives, to methods for their manufacture, to 
pharmaceutical compositions containing them and to their use in therapy, in particular their 
use as nitric oxide synthase inhibitors. 

It has been known since the early 1980's that the vascular relaxation brought about by 
acetylcholine is dependent on the presence of the endothelium and this activity was ascribed 
to a labile humoral factor termed endothelium-derived relaxing factor (EDRF). The activity 
of nitric oxide (NO) as a vasodilator has been known for well over 100 years and NO is the 
active component of amylnitrite, glyceryltrinitrite and other nitrovasodilators. The recent 
identification of EDRF as NO has coincided with the discovery of a biochemical pathway 
by which NO is synthesised from the amino acid L-arginine by the enzyme NO synthase. 

NO is the endogenous stimulator of the soluble guanylate cyclase and is involved in a 
number of biological actions in addition to endothelium-dependent relaxation including: 
cytotoxicity of phagocytic cells and cell-to-cell communication in the central nervous sytem 
(see Moncada el aL Biochemical Pharmacology, 2jL 1709-1715 (1989) and Moncada etai, 
Pharmacological Review, 42, 109-142 (1991)). It is now thought that excess NO 
production may be involved in a number of conditions, particularly conditions which 
involve systemic hypotension such as septic (toxic) shock and therapy with certain 
cytokines. 

The synthesis of NO from L-arginine can be inhibited by the L-arginine analogue L-N- 
monomethy l-arginine (L-NMMA) and the therapeutic use of L-NMMA for the treatment of 
septic shock and other types of systemic hypotension has been proposed (WO 91/04024 and 
GB-A-2240041). The therapeutic use of certain other NO synthase inhibitors apart from L- 
NMMA for the same purpose has also been proposed in WO 91/04024 and in EP-A- 
0446699. 

It has recently become apparent that there are at least three types of NO synthase enzymes 
as follows: 

(i) a constitutive, Ca^/calmodulin dependent enzyme, located in the endothelium, 
that releases NO in response to receptor or physical stimulation. 
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(ii) a constitutive, Ca^/calmodulin dependent enzyme, located in the brain, that 
releases NO in response to receptor or physical stimulation. 

(iii) a Ca"^ independent enzyme which is induced after activation of vascular smooth 
muscle, macrophages, endothelial cells, and a number of other cells by endotoxin and 
cytokines. Once expressed this inducible NO synthase synthesises NO for long 
periods. 

The NO released by the constitutive enzymes acts as a transduction mechanism underlying 
several physiological responses. The function of the NO produced by the inducible enzyme 
is as a cytotoxic molecule for fighting tumour cells and invading microorganisms (Wright et 
ai., Card. Res. 26, 48-57 (1992) and Moncada si &L Pharmacological Review, 42, 109-142 
(1991)). It also appears that the adverse effects of excess NO production, in particular 
pathological vasodilation and tissue damage, may result largely from the effects of NO 
synthesised by the inducible NO synthase. 

The NO synthase inhibitors proposed for therapeutic use so far, and in particular L-NMMA, 
are non-selective in that they inhibit both the constitutive and the inducible NO synthase 
enzymes. Use of such a non-selective NO synthase inhibitor requires that great care be 
taken in order to avoid the potentially serious consequences of over-inhibition of the 
constitutive NO-synthase enzyme including hypertension, thrombosis, CNS toxicity and 
tissue damage. In particular, in the case of the therapeutic use of L-NMMA for the 
treatment of septic shock it has been recommended that the patient must be subject to 
continuous blood pressure monitoring throughout the treatment. Thus, whilst non-selective 
NO synthase inhibitors have therapeutic utility provided that appropriate precautions are 
taken, NO synthase inhibitors which are selective in the sense that they inhibit the inducible 
NO synthase enzyme to a considerably greater extent than the constitutive NO synthase 
enzyme would be of even greater therapeutic benefit and much easier to use. 

The preparation and biological properties of isothioureas have been reported in the literature 
(Schroeder, Chem. Revs., 1955, 51, 181; Doherty fltal, J.Am.Chem. Soc, 1957, 22, 5667; 
and Brand and Brand, Org. Synth., 1942, 22, 59; Smirk et al, Brit. Med. I 1941, 510-11; 
J.Physiol., 1942, lflQ, 474-483; Lancet, 1942, 301-303: J Physiol., 1943, lfll, 379-388; 
Fastier, Brit. J. Pharmacol., 1948, 2, 198). We have now found that isothioureas are 
inhibitors of NO synthase, and are useful in the treatment of systemic hypotension, and, in 
particular, the treatment of septic shock. In addition, many of these compounds, possess 
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selectivity for the inducible NO synthase enzyme as compared with the constitutive NO 
synthase enzymes. 

Accordingly, the present invention provides a method of treatment of conditions requiring 
inhibition of the nitric oxide synthase enzyme, which comprises administering to a mammal 
in need thereof an effective amount of an isothiourea derivative having an inhibitory effect 
against the NO synthase enzyme, or a pharmaceutical^ acceptable salt thereof. In another 
aspect, the present invention provides the use of an isothiourea having an inhibitory effect 
against the NO synthase enzyme for the manufacture of a medicament for the treatment of 
conditions where there is an advantage in inhibiting the NO synthase enzyme. 

More specifically, there is provided a method of treatment of systemic hypotension and/or 
septic shock which comprises administering to a mammal in need thereof an effective 
amount of an isothiourea derivative having an inhibitory effect against the NO synthase 
enzyme, or a pharmaceutically acceptable salt thereof In a further aspect there is provided 
the use of an isothiourea derivative having an inhibitory effect against the NO synthase 
enzyme for the manufacture of a medicament for the treatment of systemic hypotension 
and/or septic shock. 

Further conditions where there is an advantage in inhibiting NO production from L-arginine 
include therapy with cytokines such as TNF, IL-1 and IL-2 or therapy with cytokine- 
inducing agents, for example 5, 6-dimethylxanthenone acetic acid, and as an adjuvant to. 
short term immunosuppression in transplant therapy. In addition compounds which inhibit 
NO synthesis may be of use in reducing the NO concentration in patients suffering from 
inflammatory conditions in which an excess of NO contributes to the pathophysiology of 
the condition, for example adult respiratory distress syndrome (ARDS) and myocarditis. 

There is also evidence that an NO synthase enzyme may be involved in the degeneration of 
cartilage which takes place in autoimmune and/or inflammatory conditions such as arthritis, 
rheumatoid arthritis, chronic bowel disease and systemic lupus erythematosis (SLE). It is 
also thought that an NO synthase enzyme may be involved in insulin- dependent diabetes 
mellitis. Therefore, a yet further aspect of the present invention provides an isothiourea 
derivative or salt thereof in the manufacture of a medicament for use in cytokine or 
cytokine-inducing therapy, as an adjuvant to short term immunosuppression in transplant 
therapy, for the treatment of patients suffering from inflammatory conditions in which an 
excess of NO contributes to the pathophysiology of the condition, in autoimmune and/or 
inflammatory indications and in insulin-dependent diabetes mellitis. 
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A still further aspect provides a method of treatment of adverse effects associated with 
cytokine therapy, of short term immunosuppression in transplant therapy, of patients 
suffering from inflammatory conditions in which an excess of NO contributes to the 
pathophysiology of the condition, of autoimmune and/or inflammatory indications and of 
insulin-dependent diabetes mellitis, which comprises administering to a mammal in need 
thereof an effective amount of an isothiourea derivative having an inhibitory effect against 
the NO synthase enzyme or a pharmaceutical^ acceptable salt thereof. 

As used herein, reference to "treatment" of a patient is intended to include prophylaxis; the 
term "mammal" is intended to include a human or an animal. 

Preferred isothioureas include those of formula (I) 



or a salt thereof, wherein 

Ris (1) a C 1 - 1 4 bydrocarbyl group; or 

(2) a 5- or 6-membered heterocyclic ring; or 

(3) a 9-membered bicyclic heterocyclic ring system 

each group R being optionally substituted by one or two groups independently selected 
from: 

(a) halo; 

(b) -XR 1 wherein 

X is oxygen, C(0) m wherein m is 1 or 2, S(0) n wherein n is 0, 1, or 2, or 
NR^ wherein R^ is hydrogen, C\_$ alkyl or C3.6 cycloalkyl or R^ is 
linked to R 1 to form a C2-6 alkylene group; 

R 1 is hydrogen; or Cj.g alkyl, C2-6 alkenyl, C3.6 cycloalkyl, C7.9 aralkyl, 
C6-10 aryh or a 5- or 6- membered heterocyclic group, each group 
optionally substituted by one or two groups independently selected 



SR. 




(I) 
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from Ci_3 alkyl, hydroxy, C1.3 aikoxy, amino, C1.3 alkylamino, halo, 
nitro, or a group C(0) m < R 2b wherein m' is 1 or 2 and R 2b is hydrogen or C 1.4 
alkyl; or R 1 is a group NR 3 R 4 wherein R 3 and R 4 are the same or different and each 
is hydrogen or C1-4 alkyl or R 3 and R 4 are linked to form a C2-6 alkylene group; 

KIM 

(c) a group (Y)^Q-S-< wherein 

Hi 

Yis oxygen, S(0) n wherein n is as hereinbefore defined, or NR^ wherein 

R 5 is hydrogen or Ci_4 alkyl; 
w is 0 or 1 ; 
Q is Ci~4 hydrocarbyl 

or the imino nitrogen is linked to the group R or to the group Q to form a 
5- or 6-membered heterocyclic ring; 

a group A wherein A is a heterocyclic ring system optionally substituted by a 
group (Y) w -Q- S-^f 4 ** as hereinbefore defined; or 

a Ci_6 alkyl, C2.6 alkenyl or alkynyl or C3.6 cycloalkyi group; 

or one of the carbon atoms in R is linked to the imino nitrogen atom in the compound of 
formula (I) to form a 5- or 6- membered heterocyclic ring; 

with the proviso that R is not methyl. 

Suitably R is 

(1) C1-8 alkyl; 

(2) C2-8 alkenyl or alkynyl; 

(3) a group -(CH2) p -{QHCH2)q CH 3 wherein p is 0 to 4 and q is 0 to 3; or 

(4) a 5- or 6- membered heterocyclic ring, 

each optionally substituted by one or two groups which may be the same or different 
selected from 

(a) halo ; 



(d) 
(e) 
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(b) OR-b wherein R-b is as hereinbefore defined; 

(c) C(0) m R 2 t» wherein m and R 2b are as hereinbefore defined: 

(d) S(0) n R 6 wherein n is as hereinbefore defined and R^ is Cj^j. alkyl optionally 
substituted by one or two groups independently selected from amino or 
C(0) m R2b as hereinbefore defined; 

(e) NR?r8 wherein R^ and R^ are each independently selected from hydrogen, 
Cj_4 alkyl, C2-4 aikenyl, C1-4 alkoxyalkyl; 

or R 7 and R 8 are linked to form a 5- or 6-membered heterocyclic ring; 



(f) a phenyl ring or a 5- or 6-membered heterocyclic ring each optionally 
substituted by a group OR^b as hereinbefore defined or by a group Q-S«—^ 
wherein Q is as hereinbefore defined; or the imino nitrogen is linked to the 
group Q to form a thiazole or thiazoline ring; or 

(g) C 1.4 alkyl when R is a heterocylic ring; 

or one of the carbon atoms in R is linked to the imino nitrogen in the compound of formula 
(I) to form a thiazole or thiazoline ring. 

Most suitably R is 

(1) C M alkyl; 

(2) C2-4 alkenyl; 

(3) a group -(CH2) p -^^(CH2)q CH3 wherein p is 1 or 2 and q is 0 or 1; or 

(4) a 5- or 6-membered heterocyclic ring containing one or two nitrogen atoms. 



each optionally, substituted by one or two groups, which may be the same or different, 
selected from 



(a) halo, preferably bromo; 
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(b) a group OR 2b ' wherein R^b' [$ hydrogen or methyl; 

(c) a group C(0) m R^b' wherein m and R^b f are as hereinbefore defined; 

(d) a group SR^ wherein R^ is methyl or ethyl; 

(e) a group NR 7 b p8b wherein R 7 b and R**b are independently selected from hydrogen 
or C i_4 alkyl, preferably hydrogen, methyl or ethyl; 

MH 

(f) a phenyl ring optionally substituted by a group OR 2b or a group Q-S-^ 
as hereinbefore defined; 

(g) a 5- or 6-membered heterocyclic ring containing one or two heteroatoms 
independently selected from nitrogen or oxygen; or 

(h) Ci_4 alkyl, preferably methyl 

or one of the carbon atoms in R is linked to the imino nitrogen in the compound of formula 
(I) to form a thiazole or thiazoline ring. 

Formula (I) includes isothiourea derivatives of formula (IA), (IB) and (IC) 




wherein R' is a C^.g alkylene group or a C2-8 alkenylene or alkynylene group each 
optionally containing a phenyl ring, a 5- or 6-membered heterocyclic ring or a group X as 
hereinbefore defined, and the dotted line represents a double or a single bond. 
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Formula I also includes compounds of formula (II) 



(ID 



or a salt thereof, wherein R a is a Ci_g hydrocarbyl or 5- or 6-membered heterocyclic ring or 
a 9-membered bicyclic heterocyclic ring system each optionally substituted by halo or by 
one or two groups -X a R la wherein R la is hydrogen, C\.^ alkyl, C3.6 cycloalkyl, C7.9 
aralkyl, Cg-io aryl* or a 5- or 6-membered heterocyclic group each optionally substituted by 
Ci_3 alkyl, C1.3 alkoxy, amino, halo or nitro or R la is a group NR 3a R 4a wherein R 3a and 
R 4a are the same or different and each is hydrogen or C 1.3 alkyl or R 3a and R 4a are linked 
to form a C2-6 alkylene group and X a is oxygen, C(0) m a wherein m a is 1 or 2, S(0) n a 
wherein n a is 0, 1 or 2 or NR 2a wherein R 2a is hydrogen, C\_6 alkyl or C3.6 cycloalkyl or 
R 2a is linked to R la to form a C2-6 alkylene group, or by a group 



wherein t is 0 to 4 and w 3 - is 0 or 1, Y a is oxygen, sulphur and NR 7a wherein R 7a is 
hydrogen or C 1.4 alkyi: 



or R a links the sulphur atom to one of the nitrogen atoms in the compound of the formula 
(I) to form a 5- or 6-membered heterocyclic ring, with the proviso that R a is not methyl. 

One preferred group of compounds are those wherein R is not methyl, ethyl, propyl or 
isopropyl. 



Preferred compounds of the formula (I) include: 

S-(2-aminoethyl)isothiourea 

S-(2-(dimethylamino)propyl)isothiourea 

S-(2-methyl-2-propenyl)isothiourea 

S,S'-ethylenebis(isothiourea) 

S.S'-pentamethylenebistisothiourea) 

S-(2-(dimethylamino)ethyl)isothiourea 



BNSDOCID: <WO 9412165A2J_> 



WO 94/12165 




PCT/GB93/02437 



2-amino-2-thiazoiine 

S.S- hexameihylenebis(isothiourea) 

S,S'- heptameihylenebis(isothiourea) 

S-benzylisothiourea 

S-(2-morpholinoethyl)isothiourea 

S-(6-methyl-2-(methylthio)^-pyrimidinyl)isothioure^ 

S,S-( 1 ,4-phenylenebis(methylene))diisothiourea 

S-tertbutylisothiourea 

S-(4-ethylbenzyl)isothiourea 

S-((methylthio)methyl)isothiourea 

S-(3-bromopropyl)isothiourea 

S-(2-bromoethyi)isothiourea 

S-(3-methyl-2-butenyl)isothiourea 

S-allylisothiourea 

S-(3-aminopropyl)isothiourea 

S,S'-(l,3-phenylenebis(methylene))diisothiourea 

S,S-(2-methylene- 1 ,3-propanediyl) diisothiourea 

S,S^2-butyne-l,4Kiiyl)diisotiiiourea 

S,S'-( 1 ,3-phenylenebis( 1 ,2-ethanediyl))diisothiourea 

S,S'-( 1 ,4-phenylenebis( 1 ,2-ethanediyl))diisothiourea 

2-amino-5-methylthiazole 

S-((2-amino-4-thiazolyi)methyl-L-cysteine 

3((2-amino^-thiazolyl)methyl-L-alanine 

2-amino-4-methylthiazole 

2-amino-4,5-dimethylthiazole 

S-(2-( 1 H-pyrrol- 1 -y l)ethy l)isothiourea 

S-(3-hydroxypropyl)isothiourea 

S-(2-(phenyl)ethyl)isothiourea 

S-(2-(3-methoxyphenyl)ethyl)isothiourea 

4- ((2-amino^-thiazolyl)methyl)-L-homoalaiiine 

N,N- 1 ,3,phenylenebis(methylene))bis(S-methylisothiourea) 
N,N-(L3-phenylenebis(methylene))bis(S-ethylisothiourea) 

5- (2^5K(amidinothio)methyl)-2-thienyl)ethyl)isothiourea 
S-(3-(4-((amidinothio)methyl)phenyi)propyl)isothioiirea 
S-(3-(5-(2-amidinotiiio)ethyl)-2-tiiienyl)propyl)isothiourea 
S-(2-(4-fluorophenyl)ethyl)isothiourea 
S-(2-(4-bromophenyi)ethyl)isothiourea 
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S-(2-(3-methoxyphenyl)ethyl)isothiourea 

S-(2-(3-methylphenyl)ethyl)isothiourea 

S-(2-(4-ethoxyphenyl)ethyl)isothiourea 

S-(2-(4-methoxyphenyl)ethyl)isothiourea 

S-(2-(2-bromophenyl)ethyl)isothiourea 

S-(2-(2-fluorophenyI)ethyl)isothiourea 

S-(2-(3-nitrophenyl)ethyl)isothiourea 

S-(3-( 1 H-pyrrol- 1 -y l)propyl)isothiourea 

S-(2-(2-chiorophenyl)ethyl)isothiourea 

S-(2-(2,5-dimethylphenyl)ethyl)isothiourea 

S-(2-(4-ethoxy-3-methoxyphenyl)ethyl)isothiourea 

and salts thereof. 

Especially preferred compounds include S,S'-(l ? 3-phenylenebis(l,2- 
ethanediyl))diisothiourea, S,S'-( 1 ,4-phenylenebis(l ,2-ethanediyl)) diisothiourea, S-(2-(5- 
amidinothio)melJiyl)-2-thienyl)ethyl)isothiourea, S-(3-(5-(2-amidinothio)ethyl)-2- 
thienyl)propyl)isothiourea and S-(2'-(3-methoxyphenyl) ethyl)isothiourea. 

Other preferred compounds for the treatment of Septic Shock are S-ethylisothiourea, S- 
propylisothiourea and S-isopropylisothiourea, particularly S-ethylisothiourea and S- 
isopropylisothiourea, and especially S-ethylisothiourea. 

By the term "hydrocarbyl" group is meant a group that contains only carbon and hydrogen 
atoms but may contain double and/or triple bonds and which may be cyclic or aromatic in 
nature. 

By the term "heterocyclic ring" is meant a cyclic compound containing one to three hetero 
atoms selected from oxygen, sulphur and nitrogen, and preferably nitrogen or sulphur. 

By the term "halo " is meant fluoro, chloro, bromo or iodo, and preferably bromo. 

The compounds of formula (I) may include a number of asymmetric centres in the molecule 
depending on the precise meaning of the various groups and formula (I) is intended to 
include all possible isomers. 
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In a further aspect the present invention provides an isothiourea of the formula (I) other than 
benzylisothiourea, S.S-( 1 ,4-phenylenebis(methylene))diisothiourea and S-(2- 
(dimethylamino)ethyl)isothiourea, or a pharmaceuticaily acceptable salt thereof having an 
inhibitory effect against the NO synthase enzyme for use in medicine. 

In another aspect the present invention provides novel compounds of the formula (IA), (IB) 
and (IC) as hereinbefore defined. Such compounds include: 

S,S'-( 1 ,4-phenylenebis( 1 ,2-ethanediy l))diisothiourea 
S-(2-( 1 H-pyrrol- 1 -y l)ethy l)isothiourea 
S-((2-amino-4-thiazolyl)methyl)-L-cysteine 
y -(2'-amino-4-thiazolyl)-L-homoalanine 
SS-( 1 ,2-phenylenebis( 1 .2-ethanediyl))diisothiourea 
P -(2 r -amino-4'-thiazolyl)-L-alanine 
S-(2 , -amino-5 , -(R,S)-thiazolinylmethyl)-L-cysteine 

4- ((2-amino-4-thiazolyl)methyl)-L-homoalanine 

N,N-( 1 ,3-pheny lenebis(methylene))bis(S-methylisothiourea) 
N,N-( 1 ,3-phenylenebis(methylene))bis(S-ethylisothiourea) 

5- (3-(4-((amidinothio)methyl)phenyl)propyl)isothiourea 
SK2<5^(amidinolJiio)methyl)-2-thienyl)ethyl)isothiourea 
S-(3-(5-(2-amidinotJiio)ethyl)-2*thienyl)propyl)isothiourea 
S-((2-amino-4-thiazolyl)methyl)-D-cysteine 
S-((2-amino-4-thiazolyi)methyi)-(D,L)-homocysteine 
S-(2-(2-amino-4-thiazolyl)ethyl)-L-cysteine 
S-(2-(4-fluorophenyl)ethyl)isothiourea 
S-(2-(4-bromophenyl)ethyl)isothiourea 
S-(2-(3-methoxyphenyl)ethyl)isothiourea 
S-(2-(3-methylphenyl)ethyl)isothiourea 
S-(2-(4-ethoxyphenyl)ethyI)iso thiourea 
S-(2-(4-methoxyphenyl)ethyl)isothiourea 
S-(2-(2-bromophenyl)ethyl)isothiourea 
S-(2-(2-fluorophenyl)ethyl)isothiourea 

S-(2-(3 -nitropheny l)ethy l)isothiourea 
S-(3-( 1 H-pyrrol- 1 -yl)propyl)isothiourea 
S-(2-(4-ethoxy-3-methoxyphenyl)ethyl)isothiourea 
S-(2-(2,4.6-trimethylphenyl)ethyl)isothiourea 
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S-(2-(2.6-dimethoxyphenyl)ethyl)isothiourea 
and salts thereof. 

The present invention includes isothioureas in the form of salts, in particular acid addition 
salts. Suitable salts include those formed with both organic and inorganic acids. Such acid 
addition salts will normally be pharmaceutically acceptable although salts of non- 
pharmaceutically acceptable salts may be of utility in the preparation and purification of the 
compound in question. Thus, preferred salts include those formed from hydrochloric, 
hydrobromic, sulphuric, citric, tartaric, phosphoric, lactic, pyruvic, acetic, trifluoroacetic, 
succinic, oxalic, fumaric, maleic, oxaloacetic, methanesulphonic, ethanesulphonic, p- 
toluenesulphonic, benzenesulphonic and isethionic acids. Salts of isothioureas can be made 
by reacting the appropriate compound in the form of the free base with the appropriate acid. 

Whilst it may be possible for the isothioureas of the present invention to be administered as 
the raw chemical, it is preferable to present them as a pharmaceutical formulation. 
According to a further aspect, the present invention provides a pharmaceutical formulation 
comprising an isothiourea of the present invention or a pharmaceutically acceptable salt or 
solvate thereof, together with one or more pharmaceutically acceptable carriers therefor and 
optionally one or more other therapeutic ingredients, for example an antibiotic, and/or a 
volume replacement liquid. The carrier(s) must be "acceptable" in the sense of being 
compatible with the other ingredients of the formulation and not deleterious to the recipient 
thereof. 

The formulations include those suitable for oral, parenteral (including subcutaneous, 
intradermal, intramuscular, intravenous and intraarticular), rectal and topical (including 
dermal, buccal, sublingual and intraocular) administration although the most suitable route 
may depend upon for example the condition and disorder of the recipient. The formulations 
may conveniently be presented in unit dosage form and may be prepared by any of the 
methods well known in the an of pharmacy. All methods include the step of bringing into 
association a compound of formula (I) or a pharmaceutically acceptable salt or solvate 
thereof ("active ingredient") with the carrier which constitutes one or more accessory 
ingredients. In general the formulations are prepared by uniformly and intimately bringing 
into association the active ingredient with liquid carriers or finely divided solid carriers or 
both and then, if necessary shaping the product into the desired formulation. 
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Formulations of the present invention suitable for oral administration may be presented as 
discrete units such as capsules, cachets or tablets each containing a predetermined amount 
of the active ingredient; as a powder or granules; as a solution or a suspension in an aqueous 
liquid or a non-aqueous liquid; or as an oil-in-water liquid emulsion or a water-in-oil liquid 
emulsion. The active ingredient may also be presented as a bolus, electuary or paste. 

A tablet may be made by compression or moulding, optionally with one or more accessory 
ingredients. Compressed tablets may be prepared by compressing in a suitable machine the 
active ingredient in a free-flowing form such as a powder or granules, optionally mixed with 
a binder, lubricant, inert diluent lubricating, surface active or dispersing agent. Moulded 
tablets may be made by moulding in a suitable machine a mixture of the powdered 
compound moistened with an inert liquid diluent. The tablets may optionally be coated or 
scored and may be formulated so as to provide slow or controlled release of the active 
ingredient therein. 

Formulations for parenteral administration include aqueous and non-aqueous sterile 
injection solutions which may contain anti-oxidants, buffers, bacteriostats and solutes which 
render the formulation isotonic with the blood of the intended recipient; and aqueous and. 
non-aqueous sterile suspensions which may include suspending agents and thickening 
agents. The formulations may be presented in unit-dose or multi-dose containers, for 
example sealed ampoules and vials, and may be stored in a freeze-dried (lyophilised) 
condition requiring only the addition of the sterile liquid carrier, for example, saline, water- 
for-injection, immediately prior to use. Alternatively, the formulations may be presented 
for continuous infusion. 

Extemporaneous injection solutions and suspensions may be prepared from sterile powders, 
granules and tablets of the kind previously described. 

Formulations for rectal administration may be presented as a suppository with the usual 
carriers such as cocoa butter or polyethylene glycol. 

Formulations for topical administraton in the mouth, for example buccally or sublingually, 
include lozenges comprising the active ingredient in a flavoured basis such as sucrose and 
acacia or tragacanth, and pastilles comprising the active ingredient in a basis such as gelatin 
and glycerin or sucrose and acacia. 
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Preferred unit dosage formulations are those containing an effective dose, as herein below 
recited, or an appropriate fraction thereof, of the active ingredient. 

It should be understood that in addition to the ingredients particularly mentioned above, the 
formulations of this invention may include other agents conventional in the an having 
regard to the type of formulation in question, for example those suitable for oral 
administration may include flavouring agents. 

For each of the aforementioned conditions, the compounds of the invention may be 
administered orally or via injection at a dose of from 0.1 to 250mg/kg per day. The dose 
range for adult humans is generally from 5mg to 17.5g/day, preferably 5mg to 2g/day and 
most preferably lOmg to lg/day. Tablets or other forms of presentation provided in discrete 
units may conveniently contain an amount of compound of the invention which is effective 
at such dosage or as a multiple of the same, for instance, units containing 5mg to 500mg, 
usually around lOmg to 200mg. 

The compounds of formula (I) are preferably administered orally or by injection 
(intravenous or subsutaneous). The precise amount of compound administered to a patient 
will be the responsibility of the attendant physician. However the dose employed will 
depend on a number of factors, including the age and sex of the patient, the precise disorder 
being treated, and its severity. Also the route of administration may vary depending on the 
condition and its severity. 

The present invention also provides processes for the preparation of novel compounds as 
hereinbefore defined, analagous to those known in the art for preparing isothiourea 
derivatives. 

Thus, compounds of formula (I) or protected derivatives thereof may be prepared by the 
reaction of thiourea with a compound RL(L') r wherein R is as hereinbefore defined, L and 
L f are both leaving groups, for example a halo atom such as bromo, and r is 0 or 1, 
followed by deprotection if necessary. 

More specifically, 

(i) compounds of formula (IA) 
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MH 



HN 




(IA) 



as hereinbefore defined, may be prepared by the reaction of thiourea with a compound LRL' 
wherein LX' and R are as hereinbefore defined. Suitably the reaction is carried out in a 
polar solvent, such as ethanol, at a temperature of from 20°C to the refluxing solvent 
temperature. 

Compounds of the formula LRL* are commercially available or may be prepared from the 
corresponding diol, HO-R-OH, suitably by reaction in a polar solvent such as 
dichloromethane in the presence of a halogenating agent such as carbon tetrabromide and 
triphenylphosphine. 

Compounds of formula HO-R'-OH are commmercially available or may be prepared by 
methods known in the art. 

(ii) Compounds of formula (IB) 



as hereinbefore defined may be prepared by deprotection of a compound of formula (IB1) 



wherein R and the dotted line are as hereinbefore defined, and P and F are the same or 
different and are both protecting groups such as benzyl, benzyloxycarbonyl or tert- 
butoxycarbonyl. The reaction may be carried out in trifluoroacetic acid at a non-extreme 
temperature of from -20°C to 100°C such as 0°C in the presence of scavenger molecules 
such as thioanisole and 1, 2-ethanedithiol. 

When the dotted line represents a single bond and the substituent is in the 4-position, 
compounds of formula (IB 1) may be prepared from a compound of formula (IB 2) 




(IB) 





BNSDOCID: <WO 9412165A2J_> 



WO 94/12165 



PCT/GB93/02437 



16 



wherein R\ P and P' are as hereinbefore defined. The reduction of azide to amine and 
cyclization to thiazoiine may be carried out in tetrahydrofuran in the presence of 
triphenylphosphine. 

Compounds of formula (IB2) may be prepared from compounds of formula (IB3) 



wherein R. P and P' are as hereinbefore defined, by displacement of tosylate with azide 
anion in a polar solvent such as dimethyl formamide at non-extreme temperature of from - 
20°C to 200°C such as the refluxing solvent temperature. 

Compounds of formula (IB3) may be prepared from compounds of formula (IB4) 



wherein R\ P' and P are as hereinbefore defined, by the addition of thiocyanate anion to 
yield a ring-opened alkoxide which may be trapped as the tosyl derivative (IB 3) by the 
addition of para-toluenesulphonyl chloride. Compounds of formula (IB4) may be prepared 
by methods known to a person skilled in the art. 

When the dotted line represents a single bond and the substituent is in the 5-position 
compounds of formula (IB1) may be prepared from a compound of formula (IBS) 



by the displacement of tosylate with thiocyanate anion (Tetrahedron Asymmetry 1992, 749- 
752), which may be carried out in a polar solvent such as ethanol at non-extreme 
temperatures, of from -20°C to 200°C such as the refluxing solvent temperature, followed 
by a cyclisation by methods analagous to those described for the preparation of compounds 
of formula (IB) from those of formula (IB2). Compounds of formula (IBS) may be prepared 
form the corresponding epoxide by ring opening with azide anion followed by trapping of 
the alkoxide by para-toluenesulphonyl chloride in a polar solvent such as 




(IB3) 





(IBS) 
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dimethylformamide at non-extreme temperatures of from -20°C to 200°C such as 100°C 
(Tetrahedron Lett. 1990, XL (2), 221). 

When the dotted line represents a double bond and the substiruent on the thiazole ring is in 
the 5-position, compounds of formula (IB1) may be prepared by the cyclisation of 
chloroacetals of formula (IB6) 




(IB6) 



wherein R', P and P' are as hereinbefore defined and R 10 is a alkyl group, with 
thiourea. The reaction may be carried out in a polar solvent such as acetone or ethanol at a 
non-extreme temperature of from -20°C to 200°C (Chem. Abs. 54:14230d). 

Compounds of formula (IB6) may be prepared from sulphury 1 chloride and aldehydes of 
formula (IB7) 

,okP aB7) 

wherein R\ P and P 1 are as hereinbefore defined (Proc. Indian. Acad. Sci. 1941, 14A, 630-5; 
Chem Abs. 36: 410z). Compounds of formula (IB7) are commercially available or may be 
prepared by methods known to a person skilled in the art. 

When the dotted line represents a double bond and the substituent on the thiazole ring is in 
the 4-position, compounds of formula (IB1) may be prepared by methods known in the art, 
for example a-N-benzyloxycarbonyl-p^T-amino^'-thiazolyl) alanine benzyl ester 
(Synthetic Communications 1990, 20. (30), 3097-3102). 

(iii) Compounds of formula (IC) 




(IC) 

may be prepared: 
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(a) When the dotted line represents a single bond and the substitutent is in the 4- 
position, by methods analagous to those described for the preparation of 
compounds of formula (IB) from those of formula (IB4). 

(b) When the dotted line represents a single bond and the substituent is in the 5- 
position of the thiazoline ring, by methods analagous to those decribed for the 
preparation of compounds of formula (IB) from those of formula (IBS) 

c) When the dotted line represents a double bond and the substituent is in the 4- 
position of the thiazole ring, by the reaction of a compound of formula (ICl) 

£^3 CCD 

with thiourea. Suitably the cyclisaton reaction may be carried out in a polar 
solvent such as acetone at a non-extreme temperature of from -20°C to 200°C 
such as 20°C. 

Compounds of formula (ICl) may be prepared from compounds of formula 
HO2C-R -CO2H, wherein R' is as hereinbefore defined by methods known in 
the art (J. Chem. Soc. 1940, 1304-7; Chem. Abs. 35: 1 133). 

d) When the dotted line represents a double bond and the substituent is in the 5- 
position of the thiazole ring, by methods analagous to those decribed for the 
preparation of a compound of formula (IB) from a compound of formula (IB6). 

The activity of compounds of the formula (I) as inhibitors of isolated NO synthase enzymes 
has been demonstrated against NO synthase enzymes isolated from the human placenta, 
brain and cytokine-induced carcinoma cells. 

The present invention will now be described by way of example only:- 
Example 1 

Preparation of S.S'-f L4-Phenvleneb isf1 .2-ethanedivlV) 
diisothiourea dihvdrobromide 
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A solution of 1 ,4-pheny lenediacetic acid (lO.Og, 51.5 mmol) in tetrahydrofuran (200mL) 
was added dropwise to a 0°C stirred suspension of lithium aluminium hydride (3.91g, 103 
mmol) in tetrahydrofuran (30mL). The mixture was warmed to reflux for 3 hours and then 
cooled to 0°C. The excess lithium aluminium hydride was quenched by the slow addition 
of water (4.0mL), 15% sodium hydroxide (4.0mL), and water (12mL). The suspension was 
stirred with magnesium sulphate for five minutes, filtered and concentrated The crude oil 
was purified by silica gel chromatography (ethyl acetate/hexanes gradient, 50-100%) to 
provide intermediate diol (7.3 8g, 86%) as a clear, colourless oil. A solution of this oil in 
dichloromethane (200mL) at 0°C was treated with carbon tetrabromide (32.4g, 97.7mmol) 
and triphenylphosphine (25.6g, 97.7 mmol). The mixture was stirred at 20°C for four hours 
before pentane (500mL) was added. After standing for 15 hours, the solution was decanted 
from a brown-coloured solid, concentrated and purified by silica gel chromatography (ethyl 
acetate/hexanes gradient 0-20%) to yield l,4-phenylenebis(l,2-ethanediyl) dibromide (8.2g, 
64%) as an oil. A solution of the dibromide (4.0g, 13.7mmol) and thiourea (2.09g, 
27.4mmol) in absolute ethanol (lOOmL) was refluxed for 2 hours, cooled and concentrated 
to dryness. The crude solid was recrystallized from ethanol to yield 1 ,4-phenylenebis (1,2- 
ethanediyl))diisothiourea dihydrobromide (2.89g, 47%) as a white crystalline solid. M.p. = 
234-236°C. 

lH NMR (200 MHz, D 2 0) 5 7.26 (s, 4H), 3.38 (t, J=7.0 Hz, 4H), 3.01 (t, J=7.0 Hz, 4H): 
Anal. Calcd. for C 12 H2oBr 2 N4S2: C, 32.44; H, 4.54; Br, 35.97; N, 12.61; S, 14.43. 
Found: C, 32.45; H, 4.59; Br, 35.89; N, 12.51; S, 14.35. 

Example 2 

Preparation of S-f f 2-amino>4-thiazolvnnicthvn-L-CYStdn g 

To a solution of 2-amino-4-chloromethylthiazole (Spraque, J.M. et ai. J. Am. Chem.Soc. 
1946, f& 2155-2159) (l.Og, 5.4mmol) and L-cysteine hydrochloride (804 mg, 5.1 mmol) in 
dimethylformamide (10ml) was added potassium carbonate (2.5 g). The suspension was 
stirred at 22°C for 18 hours. The resulting mixture was concentrated to dryness, redissolved 
into water, and loaded onto an ion-exchange column (Dowex 50X8, strongly acidic). The 
product was eluted with a gradient of ammonium hydroxide (0.1N to 0.5N). The pooled 
product fractions were partially concentrated and freeze-dried to yield S-(2 , -amino-4 < - 
thiazolylmethyl)-L-cysteine (1.04g, 87%) as a tan-coloured, electrostatic solid. 
1H NMR (300 MHz, D20) 5 6.5 (s,lH), 3.8 (m, 1H), 3.6 (s, 2H), 3.05-2.85 (m, 2H). 
Mass Spectrum (CI) 234 (M + L 71%). 

Example 3 
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Preparation of v-^'-ammo^'-thiazolvlVL-homoaianine 
G-fQ'.^mino-^thiazolvnmethvl'L-alanine^ 

y-(2'-amino-4'-thiazolyI)-L homoalanine was prepared from a-N-t-butoxycarbonyl-y-(2'- 
amino^'-thiazolyl)-L-homoalanine benzyl ester (Patt et al. Synth.Commun. 1990, 2Q (20), 
3097-3 102) in 9.6% yield, according to the method of Example 6. 
l H NMR (D 2 0) 5 6.5 (s,lH), 3.9 (t ? J=6.4 Hz), 2.75 (m, 2H), 2.2 (m,2H). 

Anal. Calcd. for C 7 HnN3O 2 S#C 2 HF3O 2 *0.3 H 2 0: C, 29.31; H, 2.89; N, 8.54; S, 6.52. 
Found: C, 29.37: H, 3.02; N, 8.53; S, 6.63. 

Example 4 

Preparation of S.S'-n. S-phenylenebisri-I-ethanediyl^ 
diisothiourea diihydrobromide 

S,S'-( 1 .3-phenylenebis( 1 ,2-ethanediyl))diisothiourea dihydro bromide was prepared 
according to the method of Example 1 from 1,3-phenylenediacetic acid (Aldrich). 
Recrystallization from ethanol gave a white crystalline solid (m.p. 194-190°C). 
*H NMR (200 MHz, D 2 0) 5 7.4-7.2 (m, 4H), 3.39 (t, J=6.9 Hz, 4H), 3.02 (t, J=6.9 Hz, 4H). 
Anal. Calcd. for Ci2H2oBr 2 N 4 S2: C, 32.44; H, 4.54; Br, 35.97; N, 12.61; S, 14.43. 
Found: C, 32.52; H, 4.49: Br, 36.04; N, 12.61; S, 14.35. 

Example .? 

Preparation of S.S-f K2-Phcnvlenebis f L2-ethanedivm diisothiourea dihvdrobromide 

S,S'-(l,2-phenylenebis(l,2-ethanediyl))diisothiourea dihydrobromide was prepared from 
1,2-phenylenediacetic acid (Aldrich) in 30% overall yield as a yellow foam according to the 
method of Example 1. 

!H NMR (300 MHz, D 2 0) 5 7.29 (s, 4H), 3.38 (t, J=7.0 Hz, 4H), 3.09 (t, J=7.0 Hz). 
Recrystallization from ethanol gave an analytical sample, m.p. = 205-207°C. 

Anal. Calcd. for Ci 2 H 20 Br 2 N 4 S 2 : C, 32.44; H, 4.54; Br, 35.97; N, 12.61; S, 14.43. 
Found: C, 32.47; H, 4.58; Br, 35.92; N, 12.58; S, 14.43. 

Example 6 

Preparation of tHZ'-amino^'-thiazQlyQ alanine 
(3-f2-amino-4-thiagQlyl)-L-alM>ing) 
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To a stirred solution of a-N-t-butoxycarbonyl-P-(2 , -amino^'-thia2olyl)alanine benzyl ester 
(1.47g) (Patt et al., Synth. Commun. 1990, 20. (20), 2097-3102) in dichloromethane (15ml) 
at -88°C under a nitrogen atmosphere was added methyl silane (3ml) followed by 
trifluoro acetic acid (3ml). The solution was warmed to room temperature over one hour 
before concentrating. The residue was treated with acetic acid (30mL), 20% Pd/C (2.0g), 
and 1 ,4-cyclohexadiene (20mL). The mixture was sonicated from room temperature to 33° 
C over 2 hours and filtered through celite washing with water. The filtrate was concentrated 
and redissolved into 30 mL of acetic acid and treated with 2.0 grams of fresh 20% Pd/C and 
2mL of 1,4-cyclohexadiene. After sonnicating for two hours, the suspension was filtered 
through celite. This process of adding fresh catalyst was repeated three times before the 
crude product was purified by repetative semi-prep reverse phase chromatography (C-18, 
elution with 10% methanol/water contining 0.1 % triluoroacetic acid). Freeze-dried 
product fractions gave 337 mg (18%) of p-(2 , -amino-4-thiazolyl)-L-alanine as a sticky 
glass-like solid. 

*H NMR (D 2 0) 5 6.6 (s, 1H), 4.0 (t, J=7.6 Hz, 1H,) 3.15 (m, 2H). Mass spectrum (CI) 188 
(M+l). 

Anal. Calcd. for C 1 2H 1 2N 3 F 9 08S: C, 27.23; H, 2.29; N, 7.94; S, 6.06. 
Found: C, 27.22; H, 2.42; N, 7.8; S, 5.67. 



Example 7 

Preparation of S, SV2-6- pyridylenebisfmethvlene^diisothiourea 

To a solution of 2,6- pyridinedimethanol (5.0g, 35.9 mmol) in dichloromethane (200ml) at 
0°C was added carbon tetrabromide (23.83g, 71.9 mmol) and triphenylphosphine (18.85 g, 
71 .9 mmol). The solution was stirred with warming to 

20°C over six hours. Pentane (300mL) was added. The solution was allowed to stand at 20 
°C for 16 hours before filtering to remove solid impurites. The filtrate was concentrated to 
an oil that was purified by silica gel chromatography (hexanes, then 10% ethyl 
acetate/hexanes) to give 2,6-pyridinedibromide (4.47, 47%) as an off-white powdery solid. 
To a solution of 2,6-pyridinedibromide (3.94 g, 14.87mmol) in ethanol (100ml) was added 
thiourea (2.26.g, 29.74 mmol), and the resulting suspension was stirred at reflux for two 
hours. The solution was concentrated to dryness to yield S,S'(2.6- 
pyridylenebis(methylene)) diisothiourea (5.3g, 83.9%) as a white powder. 
! HNMR (200 MHz, DMSO) 5 7.95 (t, J= 7.6 Hz. 1H). 7.51 (d. J=7.8 Hz ? 2H), 4.65 (s. 4H )- 



BNSDOCID: <WO 9412165A2 l_> 



WO 94/12165 




PCT/GB93/02437 



Anal. Calcd for C 9 Hi 5 N5S 2 Br2^6 H 2 0: C. 25.26; H 3 .81; N. 16.36; S, 14.98: Br. 37.34 
Found: G 25.3; H, 3.78; N, 16.25; S, 14.94: Br. 37.38. 

Example 8 

Preparation of S-f2'-ammo-5 r - rR.SVthiazolinvlmethvlVL-cvsteine 

To a solution of 2-amino-5-iodomethylthia2oline (4.44g, 12mmol) (Creeke & Mellor. Tet. 
Lett. 1989, 2& (33), 4435-4438) and L-cysteine hydrochloride (1.76g, lO.Ommol) in 
dimethylformamide (75 ml) was added potassium carbonate (5.0g 36mmol). The suspension 
was stirred at 22°C for 72 hours and refluxed for 30 minutes. Acetonitrile was added and 
the mixture filtered. The solids obtained were washed repeatedly with warm methanol. 
Dilution of the methanol solutions with ethanol produced a white precipitate that was 
removed by filtration . The concentrated filtrate (oil) was taken up into methanol/ ethanol 
and treated with ethanolic hydrogen chloride until no further precipitation was observed and 
the mixture was filtered. The oil resulting from concetration of the filtrate was purified by 
ion-exchange chromatography (Dowex 50X8, strongly acidic) eluting with 0.1N ammonium 
hydroxide. The ninhydrin positive fractions were pooled and freeze-dried to yield 0.453 g of 
a light tan-coloured solid contaminated with dimethyiformamide. This solid was purified 
by preparative HPLC (C18 reverse phase, methanol :water:trifluororacetic acid/5:95:0.1) to 
yield 0.36g of a S-(2'-amino-5 T - (R, S>thiazolinylmethyl)-L-cysteine as the trifluoroacetate 
salt. TLC (ammonium hydroxide: methanol/ 1:50) Rf= 0.5. *H NMR (200 MHz, D2O) 5 
4.37-4.24 (m, 1H), 4.1 1-3.87 (m, 3H), 3.27-3.13 (m, 2H), 3.05-2.97 (m, 2H). Mass spectrum 
(FAB) 236.0 (M + 1 , 48%). 

Anal. Calcd for C7H 1 3N 3 02S2«3 (C2HF3O2): C, 27.04; H, 2.79; R 7.28; S, 11.11. 
Found: C, 27.32; H, 2.91; N, 7.41; S, 11.17. 

Example 9 

Preparation of 4-f f2-amino-4-thiazolvnmethvn-L-homoalanine 

4-((2-amino-4-thiazolyl)methyl)-Na-t-Boc-L-homoalanine t-butyl ester was prepared by the 
method of Patt et al, (Synth. Commun. 1990, 2Q (20), 3097-3102) in 45% overall yield 
(1.3g) from N-t-Boc-L-2-aminoadipic acid 1 -t-butyl ester (Ramsamy et al. Synthesis, 1982, 
42-43). The t-Boc and t-butyl ester protecting groups were removed as follows: 
To a solution of 1.68g 4-((2-amino-4-thiazolyl)methyl)-Na-t-Boc-L-homoalanine t-butyl 
ester in 35 mL dioxane was added 1.1 mL triethylsilane and 8 mL 4N hydrochloric acid in 
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dioxane solution. The mixture was filtered and the solids rinsed with dioxane after stirring 
for 16 hours at 22°C. The NMR of a crude sample indicated incomplete reaction. 
Redissolved the crude solid in 20 mL dioxane and treated with 4N hydrochloric acid (5 mL) 
for 4 hours. The solids were isolated by filtration, dissolved into water, and freeze-dried to 
yield 1.23g (80%) of 4-((2-arnino-4-thiazolyl)methyl)-L-homoalanine as a hygroscopic 
white solid (Bis-hydrochloride hydrated with 1.4 mol % water and solvated with 0.3 mol % 
dioxane). Analytical HPLC; Phenomenex C 18, water/methanol/trifluoroacetic acid 
(95/5/0.1), k' = 0.34. } H NMR (300 MHz, DMSO-d 6 ) 5 9.25 (br s, 2H), 8.5(br s 2H), 6.55 
(s, 1H), 3.93 (m, 1H), 2.6 (m, 2H), 1.8 (m, 4H). 

Anal. Calcd. for C8H13N3O2S • 2HC1 • 1.4 H2O • 0.3 dioxane: C, 32.51; H, 5.99; N, 
12.36; S. 9.43; CI, 20 86. Found: C, 32.28: H, 5.72; N 12.71; S, 9.60; CI, 20.86. 

Example 10 

Preparation of N.N'-H ^-Phenvlenebi ^CmpThvlene^hisrS-methvHsothiourca^ 

To a 0°C stirred solution of 3.30g (25 mmol) m-xylylenediamine (Aldrich Chemical) in 100 
mL dichloromethane was added 7.0 mL (52 mmol) benzoylisothiocyanate. The mixture 
was stirred at 20 °C for 18 h and the solvent was removed under reduced pressure. The 
crude solids (pale yellow) were suspended in 100 mL 10% sodium hydroxide solution, and 
refluxed for 5 minutes. The mixture was acidified with concentrated hydrochloric acid 
while still hot, cooled, and then made basic by the addition of ammonium hydroxide. The 
white solids that precipitated were collected and dried at 60 °C under reduced pressure- to a 
constant weight to yield 4.82 g bis-thiourea intermediate as an off-white solid. 

Anal.Calcd. for C10H14N4S2: C, 47.22; H, 5.55; N, 22.03; S, 25.10. Found: C, 47.49; H, 
5.50; N, 21.81; S, 25.01. 

To a solution of 2.54 g (10 mmol) of bis-thiourea intermediate in 25 mL 
dimethylformamide was added 5.0 mL (80 mmol) iodomethane. The solution was stirred 
65 h at 20 °C, the solvent was removed under reduced pressure, and the residue was 
recrystallized from hot ethanol. The pale yellow crystals were dried under reduced 
pressure at 60°C to yield 4.28g (81%) N.N'-(1,3-Phenyl- enebis(methylene))bis(S- 
methyiisothiourea). m.p. = 164-167°C. TLC (one spot on silica gel with 1% ammonium 
hydroxide in methanol, Rf = 0.48). l H NMR (300 MHz DMSO/D 2 0) 8 7.5-7.4 (m. 1H), 
7.35-7.2 (m.3H), 4.59 (s, 4H), 2.65 (s,6H). 
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Anal.Calcd. for C 12 Hi8N 4 S 2 • 1.9 HI: C, 27.43; H. 3.82: N, 10.66: S, 12.20: I. 45.89. 
Found: C, 27.30; H. 3.91; N. 10.57; S. 12.19; I, 45.92. 

Example 1 1 

Preparation of N. N'-H .3-Phenvlenehisfmethvlene^bisfS-ethvlisothiourea'> 

To a solution of 1.0 g (3.93 mmol) of the bis-thiourea prepared in example 10 in 20 mL 
ethanol was added 6.29 g (78.62 mmol) of iodoethane. The mixture was heated to reflux for 
8 h and concentrated to a foam under reduced pressure. The crude product was purified by 
silica gel chromatography with methanol in dichloromethane (10% to 20%) to yield 1.66g 
(74%) of N,N'-(l,3-Phenylenebis(methylene))bis(S-ethyliosothiourea). TLC (Rf = 0.3-0.48, 
20% methanol in dichloromethane). Mass spectrum (FAB) 31 1.2 (M+l). 
*H NMR (200 MHz, DMSO-d 6 )5 7.5-7.4 (m, IK), 7.31-7.22 (m, 3H), 4.58 (s, 4H), 3.20 (q, 
J = 7.4 Hz, 4H), 1.28 (t, J = 7.4 Hz, 6H). 

Anal. Calcd. for C 14 H2 4 N 4 S2 • 2HI : C, 29.69; H, 4.27; N, 9.89; S, 1 1.32; I, 44.82. Found 
: C. 29.44; H, 4.25; N, 9.64; S, 1 1.50; I, 44.65. 

Example 12 

Preparation of S-r3-C4-rrAmidinoth io > )methvl>phenvl > >propvnisothiourea 

From 3-(4-Carboxyphenyl)propionic acid (Lancaster Synthesis) was prepared (3-(4- 
((Amidinothio)methyl)phenyl)propyl)isothiourea as a white solid (2.95 g, m.p. = 190-195 ° 
C) by the method of example 1. Mass spectrum (FAB) 283 (M+l). *H NMR (200 MHz, 
D 2 0) 5 7.38 (d, J = 8.1 Hz, 2H), 7.26 (d, J = 8.1, Hz, 2H), 4.36 (s, 2H), 3.06 (t, J = 7.2 Hz, 
2H), 2.74 (t, J = 7.4 Hz, 2H), 2.1-1.9 (m, 2H). 

Anal.Calcd. for C 12 Hi 8 N 4 S2 • 2HBr : C, 32.44; H, 4.54; N, 12.61; S, 14.43; Br, 35.97. 
Found : C, 32.53; H, 4.58: N, 12.56; S, 14.34; Br, 35.85. 

Example 1 3 

Preparation of S-r2-C5-('fAmidiothio ^methvlV2-thienvnethvl > lisothiourea 

To a solution of 21.48 g (0.19 mol) a, a-dichloromethyl methyl ether (Fluka) in 300 mL 
dichloromethane at 0°C was added 44.76 g (0.172 mol) tin (IV) chloride (Aldrich). After 
15 minutes, a solution of 24.01 g (0.14 mol) ethyl 2-thiopheneacetate (Aldrich) in 50 mL 
dichloromethane was added dropwise over several minutes. The mixture was poured into 
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water and ice after 1 h and stirred for 30 minutes. The dichioromethane layer was washed 
with water, dried over sodium sulfate, and concentrated. The crude product was purified by 
silica gel chromatography with 10% ethyl acetate in hexanes to yield 22.85 g (82%) of 5- 
formyl-2-thiopheneacetic acid ethyl ester intermediate. 

To a 0°C stirred suspension of 0.77g (20.29 mmol) lithium aluminum hydride (Aldrich) in 
200 mL tetrahydrofuran was added a solution of 2.0 g (10.09 mmol) of the intermediate 
prepared above in 50 mL tetrahydrofuran. The suspension was stirred at 20°C for 16 h, 
cooled to 0°C, and the excess hydride was quenched by the careful addition of 0.8 mL 
water, 0.8 mL IN sodium hydroxide solution, and 2.4 mL water. The suspension was 
stirred with magnesium sulfate, filtered, concentrated, and purified by silica gel 
chromatography with 50% ethyl acetate in hexanes to 100% ethyl acetate. There was 
isolated 1.07 g (67%) of diol intermediate that was converted directly to dibromide as 
follows. 

The diol intermediate (1.07 g, 6.76 mmol) in 50 mL dichioromethane at 0°C was treated 
with 3-90 g (14.87 mmol) triphenylphosphine and 4.93 g (14.87 mmol) carbon tetrabromide. 
The solution was stirred for 1 h before 200 mL pentane was added. The supernaterit was 
decanted from an oily residue, concentrated, and purified by silica gel chromatography with 
hexanes to give 1.1 Og (57%) of a dibromide intermediate. The dibromide product (1.10g, 
3.87 mmol) in 50 mL ethanol was treated with 0.59 g (7.75 mmol) thiourea. The solution 
was stirred at reflux for 2 h. The concentrated solution was purified by prepatiye HPLC 
(Waters CI 8 BondaPak PrepPak cartridge) with a methanol/water/trifluoroacetic acid 
gradient (5/95/0.1 to 90/10/0.1). The pooled product fractions were concentrated, diluted 
with water, and freeze-dried to yield 306 mg of S-(2-(5-((Amidinothio)methyl)-2- 
thienyl)ethyl)isothiourea as a bis-trifluoroacetic acid salt and 0.1 mol hydrate (mp = 186- 
190°C). *H NMR (200 MHz, D 2 0) 5 6.98 (d, J = 3.5 Hz, 1H), 4.57 (s, 2H), 3.38 (t, J = 6.5 
Hz, 2H), 3.2 (t, J-6.5 Hz, 2H). 

Anal. Calcd. for C9H14N4S3 • 2.0 C2HF3O2 • 0.1 H 2 0 : C, 30.96; H, 3.24; N, 11.11; S, 
19.08. Found: C, 31.02; H, 3.19; N, 11.00; S, 18.97. 

Example 14 

Preparation o f S-r3-r5-r2-rAmidinothio)ethvn-2-thienvnpropvnisothiourea 

5-Formyl-2-thiopheneacetic acid ethyl ester was prepared as described in example 13. To a 
solution of 2.0g (10.09 mmol) of this ester in 100 mL tetrahydrofuran was added 3.87 g 
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(11.10 mmol) carbethoxymethylenetriphenylphosphorane. The solution was refluxed 
overnight and concentrated. The crude product was combined with a second 2.0g reaction 
utilizing 10.54g (30.27mmoi) carboethoxymethylenetriphenyl- phosphorane refluxed in 100 
mL tetrahydrofiiran for 3h. The combined crude products were purified by silica gel 
chromatography (10% ethyl acetate/hexane) to yield 2.3 9g (44%) of enediester 
intermediate. To a solution of l.Og (3.73 mmol) of this ene-diester in 50 mL ethanoi was 
added l.Og 10% palladium on carbon. The mixture was shaken at 20°C under 50 psi 
hydrogen for 14 h. The catalyst was removed by filtration through celite and the solution 
was concentrated to yield 1 .0g of crude diester intermediate. The final three reactions on 
this intermediate, including lithium aluminum hydride reduction (82%), bromination of the 
resulting diol (78%), and alkylation of the dibromide with thiourea (88%) were analogous to 
those described in example 13. The crude product of the alkylation reaction was purified 
by preparative HPLC (Waters, CI 8 BondaPak PrepPak cartridge) eluting with a 
methanolAvater gradient from 10% to 90% methanol over 40 minutes (solutions were 
buffered with 0.1% trifluoroactic acid). The product fractions were freeze-dried to yield 
1.53g of SK(3"(5-(2-(Amidinothio)ethyl)-2-thienyl)propyl)isothiourea as a mixed salt (1.0 
HBr, 1.1 TFA) and 0.5 mol of solvation with methanol. M.p. = 146-151°C. Mass 
spectrum (FAB) 303. (M+l). *H NMR (200 MHz, D 2 0) 5 6.77 (d, J = 3.3 Hz, 1H), 6.73 
(d, J = 3.3 Hz, 1H), 3.37 (t, J = 6.6 Hz, 2H), 3.21-3.03 (m, 2H), 2.91 (t, J = 7.2 Hz, 2H), 2.1- 
1.95 (m, 2H). 

Anal. Calcd, for Ci iH 18 N 4 S 3 • 1.0 HBr • 1.1 C 2 HF 3 0 2 • 0.5 H 2 0; C, 31.35; H, 4.24; Br, 
15.22; N, 10.68; S, 18.05. Found: C, 31.59; H, 4.01; Br, 14.94; N, 10.45; S, 18.05. 

Examples 15-17 were prepared by the method of example 2. The crude products were 
purified by preparative HPLC (Waters, CI 8 BondaPak PrepPak cartridge). Gradient 
elutions with methanol/water/trifluoroacetic acid (5/95/0.1 to 90/10/0.1) followed by freeze- 
drying provided the target amino acids as trifluoroacetic acid addition salts. 

Example 1? 

S-rr2-Amino-4-thiazol vnmethvn-D-cvsteine 

Prepared from D-cysteine and 2-amino-4-chloromethylthiazole (Spraque, J.M. et al. J. Am. 
Chem. Soc. 1946 . 68, 2155-2159). Analytical HPLC - phenomenex C18, 
water/methanol/hepentafluorobutyric acid (80/20/0.17), one peak, k 1 = 1.9. UV (pH 7.0 
buffer) kmax 254 nm (log £ 3.73). lH NMR (200 MHz. DMSO-d 6 ) 5 8.1 (br, 2H), 8.1-7.5 
(br. 2H), 6.5 (s, 1H), 4.25 (m, 1H), 3.65 (<L J = 6 Hz. 2H), 3.0 (m. 2H). 



BNSDOCID: <WO 9412165A2J_> 



WO 94/12165 




PCT/GB93/02437 



Anal.Calcd. for C7H11N3O2S • 2.3 C2HF3O2 • 0.1 H 2 0; C, 27.92; H, 2.72; N, 8.43; S. 
12.85. Found: C, 28.00; H, 2.89; N, 8.74; S, 12.62. 

Example 16 

S-<T2-Amino-4-thiazolvl > >methvn-rD.T,')-homocvsteine 

Prepared from (D,L)-homocysteine and 2-amino-4-chloromethylthiazole (Spraque, J.M. et 
al J.Am.Chem.Soc. 1946 . 68, 2155-2159). Analytical HPLC - phenomenex CI 8, 
water/methanol/trifluoroacetic acid (95/5/0.1), one peak, k' = 2.3. UV (pH 7.0 buffer) A.max 
254 nm (log 8 3.73). *H NMR (200 MHz, DMSO-d 6 )5 8.5-8.0 (br, 2H), 7.2-7.0 (br. 2H), 
6.35 (s, 1H), 4.0 (t, J = 4 Hz, 1H), 3.55 (s, 2H), 2.6 (m, 2H), 2.0 (m, 2H). 

Anal.Calcd. for CgHnNsCbS • 1.1 C2HF3O2 • 1.0 H2O; C, 31.35; H, 4.15: N, 10.75; S } 
16.41. Found: C, 31.30; H, 4.07; N, 10.73; S, 16.31. 

Rxample 1 7 

S-r2-( , 2-Amin o-4-thiazolvl > )ethvlVL-cvsteine 

From L-cysteine and 2-arnino-4-(2-bromoethyl)tbiazole (prepared from l,5-dibromo-2- 
butanone by the method of Spraque et al . J.Am.Chem.Soc. 1946, 68, 2155-2159). 
Analytical HPLC - phenomenex CI 8, water/methanol/trifluoroacetic acid (95/5/01),. one 
peak, k* = 2.6. UV (pH 7.0 buffer) Xmax 256 nm (log e 3.71). l K NMR (200 MHz, DMSO- 
d 6 ) 5 9.2-8.8 (br, 2H), 8.6-8.2 (br, 2H), 6.6 (s, 1H), 4.2 (m, 1H), 3.0 (m, 2H), 2.8 (m, 4H). 

Anal.Calcd. for C8H13N3O2S2 • 2.0 C2HF3O2 • 2.4 H2O; C, 27.79: H, 3.85; N, 8.10; S, 
12.37. Found: C, 27.65; H, 3.69; N, 8.02; S, 12.38. 

Example 1 8 

Preparation of S-r2-r4-hrnmophenv nethvnisothiourea hvdrobromide 

To a solution of 4-bromophenethyl alcohol (720mg, 0.50ml, 3.58mmol) and 
triphenylphosphine (1.13g, 4.30 mmol) in dichloromethane (7.0ml) at 0°C was added 
carbon tetrabromide (1.42g, 4.30mmol). The reaction mixture was stirred for 30 min while 
warming to room temperature. The solution was poured into hexane (100ml) and filtered 
through celite. The solvents were removed in. vacuo , hexane was added, and the solution 
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was filtered through celite. After removing the solvent iiL vacuo , the crude material was 
kugelrohr distilled (120°C/70(im Hg) to give a clear oil. 

The clear oil was dissolved in 95% ethanol (7.0ml), and thiourea (300mg, 3.94 mmol) was 
added. The reaction mixture was warmed to reflux for 1 6 hr, cooled to room temperature, 
and the solvent was removed in. vacuo to give a white solid. The solid was suspended in 
hot acetone and filtered to give 832mg (68% yield) of the title compound. 

!h NMR (300 MHz, d 6 -DMSO); 5 9.02 (s, 4H), 7.52 (d, J = 8.3 Hz, 2H), 7.26 (d, J - 8.3 
Hz, 2H), 3.43 (t, J - 7.6 Hz, 2H), 291 (t, J = 7.4 Hz, 2H). 

M.S. (CI) for CgH^NoSBo, m/z (relative intensity) 259 (M+-Br, 100), 183 (68), 77 (92). 

Elemental Analysis for CgHn^SBr*, calcd. C, 31.79; H, 3.56; N, 8.24; S ? 9.43; Br. 46.99. 
Found C, 31.84; H, 3.59; N, 8.19; S, 9.34, Br, 46.92. 

Example 19 

Preparation of S-f2-(4-fluorophenv nethvnisothiourea hvdrobromide. 

Prepared from 4-fluorophenethyl alcohol according to the method of Example 18. The title 
compound was purified by recrystallization from absolute ethanol. 

^H NMR (300 MHz, d 6 -DMSO); 5 9.10 (br. s, 2H), 8.96 (br. s, 2H), 7.32 (m, 2H), 7.14 (m, 
2H), 3.43 (t, J = 6.8 Hz, 2H), 2.91 (t, J = 6.8 Hz, 2H). 

M.S.(CI) for C9H 12 N 2 SFBr, mlz (relative intensity) 199 (M+-Br, 42), 77 (100). 

Elemental Analysis for (C9H 12 N2SF)(CH4N2S)o.63( HBr )l.06» calcd * c > 34 - 84 ' H * 4 - 43 ^ 
N, 13.75; S, 15.74; Br, 25.51. Found C, 35.31; H, 4.41; N, 13.62; S, 15.51; Br, 25.92. 

Example 20 

Preparation of S-^-^-ethoxv^-me thoyvphenvnethvlMsothiourea hvdrobromide. 

Prepared from 4-ethoxy-3-methoxyphenethyl alcohol according to the method of Example 
1 8. The title compound was purified by recrystallization from absolute enthanol. 
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lH NMR (300 MHz, d 6 -DMSO); 5 8.95 (br, s. 4H), 6.87 (s, 1H), 6.84 (d, J = 8.1 Hz. 1H), 
6.73 (d, J = 8.2 Hz, 1H), 3.94 (q, J = 7.0 Hz, 2H), 3.73 (s, 3H), 3.39 (t, J = 7.3 Hz. 2H), 2.83 
(t, J = 7.4 Hz, 2H), 1.28 (t, J = 7.0 Hz. 3H). 

M.S. (CI) for C^Hig^CbSBr. mlz (relative intensity) 255 (M+-Br, 56), 179 (100). 

Elemental Analysis for C^Hic^bCbSBr, calcd. C, 42.99; H, 5.71; N, 8.36; S, 9.56; Br, 
23.83. Found C, 43.09; H, 5.73; N, 8.42; S, 9.61; Br, 23.89. 

Example 21 

Preparation nf S-r244-ethoxvphenvlV thvni<;othioiirea hydrochloride. 

Prepared from 4-ethoxyphenethyl alcohol according to the method of Example 18. The 
crude product was dissolved in water, and 2 molar equivalents of aqueous sodium picrate 
was added. The bright yellow precipitate was isolated by filtration and chromatographed on 
AG1-X2 anion exchange resin (200-400 mesh, chloride form, 10:1 water: methanol eluant) 
to give the hydrochloride salt. 

*H NMR (300 MHz, d 6 -DMSO); 5 9.19 (br. s, 4H), 7.19 (d, J = 8.1 Hz, 2H), 6.82 (d, J = 
8.1 Hz, 2H), 3.94 (q, J = 7.0 Hz, 2H), 3.39 (t, J = 7.3 Hz, 2H), 2.83 (t, J = 7.4 Hz, 2H), 1.28 
(t, J = 7.0 Hz, 3H). 

M.S. (CI) for Ci 1 HnN20SCl, m/z (relative intensity) 225 (M+-C1, 37), 149 (100). 

Elemental Analysis for (Ci iH 16 N2OS)(HCl)i.08(CH4N2S) 0 .08( H 2 o )0.16> calcd. C, 
48.81; H, 6.55; N, 11.10; S, 12.70; CI, 14.04. Found C, 48.91; H, 6.41; N, 11.12; S, 12.55; 
CI, 14.20. 

Example 22 

Preparation of S-(2-f2.6-dimethoxvp henvnethvnisothiourea hydrochloride. 

Prepared from 2.6-dimethoxyphenethyl alcohol according to the method of Example 21 . 

lH NMR (300 MHz, d^-DMSO; 5 9.14 (br. s, 4H), 7.18 (t, J = 8.2 Hz, 1H), 6.07 (d, J = 8.2 
Hz, 2H), 3.73 (s, 6H). 3.39 (t, J = 7.3 Hz. 2H), 2.83 (t, J = 7.4 Hz, 2H). 

M.S. (CI) for C\\ Hi 7N2O2SCI, miZ (relative intensity) 241 (M+-C1, 25), 165 (100). 
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Elemental Analysis for C! 1 Hi 7 N 2 0 2 SCL calcd. C, 47.74; H. 6.19; N. 10.12; S, 11.48; CI. 
12.81. Found C. 47.77; H, 6.19: N, 10.07; S, 11.48; CI, 12.87. 

Example 23 

Preparation of S-f2-f4-methoxvphenvnethvlMso thiourea hydrochloride. 

Prepared from 4-methoxyphenethyl alcohol according to the method of Example 21. 

lH NMR (300 MHz, d^-DMSO); 5 9.19 (br, s, 4H), 7.19 (d, J = 8.0 Hz, 2H), 6.82 (d, J = 
8.1 Hz, 2H), 3.73 (s, 3H), 3.39 (t, J = 7.3 Hz, 2H), 2.83 (t, J = 7.2 Hz, 2H). 

M.S. (CI) for Ci 1H17N2OSCI, m/z (relative intensity) 21 1 (M+-C1, 22), 135 (100). 

Elemental Analysis for (CioHi 5 N 2 OSCl), calcd. C, 48.68; H, 6.13; N, 11.36; S, 12.89; CI, 
14.45. Found C, 48.70: H, 6.10; N, 11.36; S, 12.89; CI, 14.45. 

Example 24 

Preparation of 2-f2-r3-methoxvphenvnethvni sothiourea hydrochloride. 

Prepared from 3-methoxyphenethyl alcohol according to the method of Example 21. 

l H NMR (300 MHz, dg-D.MSO); 5 9.00 (br. s, 4H), 7.21 (t, J = 7.9 Hz, 1H), 6.80 (m. 3H), 
3.72 (s, 3H), 3.43 (t, J = 7.0 Hz, 2H), 2.88 (t, J = 7.4 Hz, 2H). 

M.S. (CI) for C10H17N2OSCI, m/z (relative intensity) 211 (M+-C1, 100), 135 (10), 77 (70). 
Elemental Analysis for (CioH 1 6N20S)(HCl) 1 . 0 5(CH4N 2 S)o.20(H20)o.05 , calcd - c - 
45.39; H, 6.13; N, 12.62; S, 14.45; CI, 13.61. Found C, 45.28; H, 6.18; N, 12.54; S, 14.43; 
CI, 13.65. 

Example 25 

Preparation of S-(2-f2.4 6-mmethvl phenvl^ethvnisothiourea hvdrobromide. 

Prepared from 2,4,6-trimethoxyphenethyl alcohol according to the method of Example 18. 
The title compound was purified by recrystallization from absolute ethanol. 
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*H NMR (300 MHz. d6-DMSO); 5 9.00 (s. 4H), 6.80 (s. 2H), 3.24 (t, J = 6.8 Hz, 2H), 2.84 
(t, J = 6.7 Hz, 2H), 2.49 (s, 3H), 2.28 (s. 6H). 

M.S. (CI) for Ci2Hi9N2SBr. m/z (relative intensity) 223 (M+-Br. 50), 147 (100). 

Elemental Analysis for Ci 2 Hi9N 2 SBr, calcd. C, 47.53; H, 6.32; N, 9.24; S, 10.57; Br, 
26.53. Found C, 47.26; H, 6.30; N, 9.34; S, 10.49; Br, 26.48. 

Example 26 

Preparation of S-^^-methvlphenv nethvnisothiourea hvdrohromide. 

Prepared from 3-methylphenethyl alcohol according to the method of Example 18. The title 
compound was purified by recrystallization from absolute ethanol. 

*H NMR (300 MHz, d 6 -DMSO); 5 9.08 (br, s, 2H), 9.03 (br. s, 2H), 7.20 (t, J = 7.5 Hz. 
1H), 7.08 (m, 3H), 3.43 (t, J = 7.8 Hz, 2H), 2.88 (t, J = 7.6 Hz, 2H), 2.28 (s, 3H). 

M.S. (CI) for CioH 15 N 2 SBr, m/z (relative intensity) 195 (M+-Br, 100), 119 (56), 77 (42). 

Elemental Analysis for (CioH 1 5N2SBr)(CH4N 2 S)o.i4 5 calcd. C, 42.60; H, 5.49; N, 11.17; 
S, 12.79; Br, 27.95. Found C, 42.66; H, 5.50; N, 11.20; S, 12.57; Br, 27.79. 

Example 27 

Preparation of S-f2-f2-fluorophenvl tohvnisothioiirea hydrochloride 

Prepared from 2-fluorophenethyl alcohol according to the method of Example 21. 

*H NMR (300 MHz, d 6 -DMSO); 5 9.21 (br. s, 4H), 7.39 (m, 1H), 7.28 (m, 1H), 7.17 (m, 
2H), 3.43 (t, J = 7.7 Hz, 2H), 2.92 (t, J = 7.8 Hz, 2H). 

M.S. (CI) for C9H12N2SFCI, m/z (relative intensity) 199 (M+-C1, 100), 123 (39). 
Elemental Analysis for C9H 12 N 2 SFC1, calcd. C, 46.05; H, 5.15; N, 11.93; S, 13.66; CI, 
15.10. Found C, 45.93; H, 5.11; N, 11.83; S, 13.59; CI. 15.14. 

Example 28 

Preparation nf S-r2-G-nitrophenvn ethvnisothiourea hvdrobromide 
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To a solution of 3-nitrophenethyi alcohol (500mg, 2.99 mmol) and pyridine (35.6mg, 36fj.i, 
0.45mmol) in THF (10ml) at 0°C was added phosphorus tribromide (298 mg, 0.10ml, 1.10 
mmol). A white precipitate formed immediately. The reaction mixture was warmed to 
room temperature and stirred for 1 hr. Water and ether were added, and the phases were 
separated. The organic phase was washed with saturated aqueous sodium bicarbonate and 
dried over anhydrous magnesium sulfate. The mixture was filtered, and the solvents were 
removed in. vacuo to give a brown oil. 

The crude bromide was dissolved in 95% ethanol (10ml), and thiourea (251mg, 3.30 mmol) 
was added. The reaction mixture was warmed to reflux for 16 hr, cooled to room 
temperature, and the solvent was removed in vacuo . The crude yellow solid was suspended 
in acetone, and the mixture was warmed to reflux for 1 0 min. The hot solution was filtered 
to give a white solid. 



*H NMR (300 MHz, d 6 -DMSO); 5 9.12 (br. s , 2H), 8.96 (br. s, 2H), 8.22 (s, 1H), 8.14 (d, J 
= 7.9 Hz, 1H), 7.78 (d, J = 7.6 Hz, 1H), 7.64 (t, J = 8.0 Hz, 1H), 3.50 (t J = 7.0 Hz, 2H), 
3.10 (t, J = 7.2 Hz, 2H). 

M.S. (CI) for C9H 12 N302SBr, mZz (relative intensity) 226 (M+-Br, 26), 136 (36), 76 (81). 

Elemental Analysis for CgHn^C^SBr, calcd, C, 35.31; H, 3.95; N, 13.72; S, 10.47; Br, 
26.10. Found C, 35.22; H, 3.88; N, 13.62; S, 10.36; Br, 26.18. 



Preparation of S-f2-(lH-pyrrQl-l-yl)gthynispthiQtfrea 

To a solution of freshly distilled N-(2-bromoethyl)pyrrole (l.OOg, 5.74 mmol) in 95% 
ethanol (12ml) at room temperature was added thiourea (415mg, 5.74mmol). The solution 
was stirred at reflux for 22 hr, cooled to room temperature, and the mixture was 
concentrated in vacuo to give a thick slightly beige oil. The oil was allowed to crystallize 
at room temperature over 16 hr, and the crystals were filtered and rinsed with chloroform 
(10ml) to give 1.078g of the title compound as slightly beige needle-like crystals (75% 
yield). 



l H NMR (300 MHz, d 6 -DMSO); 5 9.06 (br. s, 4H), 6.80 (t, J = 2.10 Hz, 2H) ; 5.99 (t. J = 
2.10 Hz. 2H), 4.12 (t, J = 6.50 Hz, 2H), 3.52 (t J = 6.50 Hz. 2H). 
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M.S. (CI) for C7H12N3SB1-, ma (relative intensity) 170 (M+-Br.l00). 153 (13), 103 (14), 
94(14), 93 (10), 77 (24). 

Elemental Analysis for C 7 H 12 N3SBr, calcd. C, 33.61; H, 4.84; N, 16.80: S, 12.82; Br. 
31.94. Found C, 33.68; H, 4.84: N, 16.74: S, 12.74; Br. 31.99. : 
m.p. 94.6 - 95.0°C. 

Example 30 

NO synthase inhibition was determined by the following procedure: 
Purification of NOS from human placenta 

Amion and chorion were removed from fresh placenta, which was then rinsed with 0.9% 
NaCl. The tissue was homogenized in a Waring blender in 3 volumes of HEDS buffer. (20 
mM Hepes pH 7.8, 0.1 mM EDTA, 5mM DTT, 0.2M sucrose) plus 0.1 mM PMSF. The 
homogenate was filtered through cheesecloth and then centrifuged at lOOOg for 20 min. 
The supernatant was recentrifuged at 27,500g for 30 min. Solid ammonium sulfate was 
added to the supernatant to give 32% saturation. Precipitated protein was pelleted at 
25,0O0g and then redissolved in a rninimal volume of HEDS buffer plus 0.1 mM PMSF, 
lOug/ml leupeptin and soybean trypsin inhibitor, and lug/ml pepstatin. The redissolved 
pellet was centrigued at 15,000g for 10 min. To the supernatant was added 1/20 volume at 
2.5' ADP agarose resin (Sigma), and the slurry was mixed slowly overnight. In the 
morning, slurry was packed into a column. The resin was sequentially washed with HEDS, 
0.5M NaCl in HEDS, HEDS, and then NOS was eluted with 10 mM NADPH in HEDS. 
The enzyme could be concentrated by ultrafiltration and quick frozen and stored at -70°C 
without loss in activity for at least 3 months. 

Assay for human placental NOS 

NOS was assayed for the formation of citrulline following the procedure of Schmidt et al 
r PNAS 88 365-369, 1991) with these modifications: 20 mM Hepes, pH 7.4, lOug/ml 
calmodulin. 2.5 mM CaCl 2 , 2.5 mM DTT, 125uM NADPH, lOuM tetrahydrobiopterin, 
0.5mg/ml BSA. and luM L4 14 C]arginine (New England Nuclear). Linearity of NOS- 
catalyzed rate was confirmed prior to kinetic studies that used single time point 
determination of rate. 
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Purificatio n of NOS from cvtokine-induced human colorectal adenocarcinoma DLD-1 cells. 

DLD-1 (ATCC No. CCL 221) were grown at 37°C, 5% CCb in RPMI 1640 medium 
supplemented with L- glutamine, penicillin, streptomycin, and 10% heat-inactivated fetal 
bovine serum. Cells were grown to confluence and then the following cocktail of cytokines 
were added: 100 units/ml interferon-gamma, 200 units/ml interleukin-6, 10 ng/ml tumor 
necrosis factor, and 0.5 ng/ml interleukin- 10. At 18-24 hr post-induction, cells were 
harvested by scraping and washed with phosphate-buffered saline. Pelleted cells were 
stored at -70°C. Purification of the induced NOS was performed at 4°C. Crude extract was 
prepared by three cycles of freeze/thawing cells in TDGB (20 mM tris pH 7.5, 10% 
glycerol, ImM DTT, 2 jj.M tetrahydrobiopterin). Extract was applied directly onto a 
column of 2', 5* ADP sepharose (Pharmacia). Resin was sequentially washed with TDGB, 
0.5M NaCl in TDGB, TDGB. NOS was eluted with 2 mM NADPH in TDGB. BSA was 
immediately added to give a final concentration of 1 mg/ml. NOS could be quick frozen 
and stored at -70°C without loss in activity for at least 2 months. 

Assay for inducible human NOS. 

The formation of citrulline were assayed as described above except that 10 uM FAD was 
included and calmodulin and CaCb excluded from the assay mix. 

Purification of NOS from human brain 

Human brain NOS was prepared using variations of the procedures of Schmidt et al. f PNAS 
&& 365-369, 1991), Mayer et al. f Fed. Fur. Biochem. Soc. 288 187-191. 1991), and Bredt 
and Snyder, flPNAS 87 682-685, 1990). Briefly, fresh whole brains (3 with myelinated 
tissue disected away, 1050g) were homogenized in cold buffer A (50 mM HEPES, pH 7.5 
(pH at RT) and 0.5 mM EDTA, 10 mM DTT, 3.6 L total volume) with a polytron. The 
mixture was centrifuged at 13,000g for 1 hour and the supernatant fluid was removed (about 
2050ml). To the supernatant fluid, solid ammonium sulfate (365g, about 30% of saturation) 
was added and stirred slowly for a total of 30 minutes. The precipitate was pelleted at 
13,000g for 30 minutes and the pellet was resuspended in -400ml of buffer A with 4(iM 
tetrahydrobiopterin, 1jj.M FAD (Sigma), and lfiM FMN (Sigma). The solution was 
centrifuged at 41 ,000g for 60 minutes. The supernatant was removed, frozen by pouring 
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into liquid nitrogen, and stored overnight at -70°C. The mixture was thawed and passed 
through at 2'S ADP-agarose column (0.4g swelled in buffer A) at 4ml/min. The column 
was washed with 100ml buffer A. 200ml buffer A with 500 mM NaCl 100ml Buffer A, 
then 30ml buffer A with 5 mM NADPH. To the enzyme solution was added 
tetrahydrobiopterin to 10jiM ? FAD and FMN to IjiM, and Tween to 0.1%. This solution 
was concentrated by Centriprep-30 to a volume of approximately 500(iL Enzyme activity 
was determined as described by Schmidt et al. 1991, except that 10(iM tetrahydrobiopterin 
was included in the assay. 

The inhibition results are shown in Table 1 . 

Values are inhibition constants (Ki) obtained from measuring percent inhibition at three or 
more concentrations of inhibitor and assuming competitive inhibition with respect to 
arginine. 
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C L AI MS 

1) Use of an isothiourea derivative having an inhibitory effect against the NO synthase 
enzyme for the manufacture of a medicament for the treatment of a condition where 
there is an advantage in inhibiting the NO synthase enzyme. 

2) Use according to Claim 1 wherein the isothiourea derivative is a compound of 
formula (I) 

(I) 



or a salt thereof, wherein 

R is (1) a C\„\4 hydrocarbyl group; or 

(2) a 5- or 6-membered heterocyclic ring; or 

(3) a 9-membered bicyclic heterocyclic ring system 

each group R being optionally substituted by one or two groups independently 
selected from: 



(a) halo; 

(b) -XR 1 wherein 

X is oxygen, C(0) m wherein m is 1 or 2, S(0) n wherein n is 0, 1, or 2, or 
NR^ wherein R^ is hydrogen, C\„6 aikyl or C3.6 cycloalkyl or R^ is 
linked to R 1 to form a C2-6 alkylene group; 

R 1 is hydrogen; or C i_g alkyl, Co-6 alkenyl, C3.6 cycloalkyl, C7.9 

aralkyl, 05.10 aryU or a 5- or 6- membered heterocyclic group, each 
group optionally substituted by one or two groups independently 
selected from C 1.3 alkyl, hydroxy, Cj_3 aikoxy, amino, C1.3 
alkylamino, halo, nitro, or a group C(0) m < R^b wherein m' is 1 or 2 
and R^b is hydrogen or C \^ alkyl; or R 1 is a group NR 3 R 4 wherein 
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r3 and r4 ^ ^ same 0 r different and each is hydrogen or C \ .4 
alkyl or R 3 and R 4 are linked to form a C2-6 alkylene group; 

KiH 

(c) a group (TlwQ-S— % wherein 

Y is oxygen, S(0) n wherein n is as hereinbefore defined, or NR 5 wherein 

R 5 is hydrogen or C1-4 alkyl; 
w is 0 or 1 ; 
Q is C2-4 hydrocarbyl 

or the imino nitrogen is linked to the group R or to the group Q to form 
a 5- or 6-membered heterocyclic ring; or 

(d) a group A wherein A is a heterocyclic ring system optionally substituted by a 
group (Y) w -Q- S-^* as hereinbefore defined; or 

(e) Ci_6 alkyl, C2-6 or alk y n y 1 or a C 3-6 cycloalkyl group; 

or one of the carbon atoms in R is linked to the imino nitrogen atom in the 
compound of formula (I) to form a 5- or 6- membered heterocyclic ring; 

with the proviso that R is not methyl. 

3) Use according to Claim 2 wherein R is 

(1) Cm alkyl; 

(2) C2-4 alkenyl; 

(3) a group -(CH 2 ) p -jQ)- (CH 2 ) q CH3 wherein p is 1 or 2 and q is 0 or 1 ; or 

(4) a 5- or 6-membered heterocyclic ring containing one or two nitrogen atoms. 

each optionally substituted by one or two groups, which may be the same or 
different, selected from 

(a) halo, preferably bromo; 
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(b) a group OR^b' wherein R-b' is hydrogen or methyl; 

(c) a group C(0) m R^b' wherein m and R^b' are as hereinbefore defined; 

(d) a group SR^ wherein R^ is methyl or ethyl; 

(e) a group NR^b R8b wherein R^b and R^b are independently selected from 
hydrogen or Cj_4 alkyl, preferably hydrogen, methyl or ethyl; 

(0 a phenyl ring optionally substituted by a group OR^b' 0 r a group Q-S— 
as hereinbefore defined; 

(g) a 5- or 6-membered heterocyclic ring containing one or two heteroatoms 
independently selected from nitrogen or oxygen; or 

(h) C \ _4 alkyl, preferably methyl 

or one of the carbon atoms in R is linked to the imino nitrogen in the compound of 
formula (I) to form a thiazole or thiazoline ring. 

4) Use according to Claims 2 or 3 with the proviso that R is not ethyl, propyl or 
isopropyl. 

5) Use according Claims 1 to 2 wherein the isothiourea derivative is a 
compound of formula (IA), (IB) or (IC). 
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^ M Ad~~* — L/ ^ (IC) 



wherein R' is a Ci_g aikylene group, C2-8 alkenylene or alkynylene group each 
optionally containing a phenyl ring, a 5- or 6-membered heterocyclic ring or a 
group X as hereinbefore defined, and the dotted line represents a double or a single 
bond. 

6) Use according to Claim 1 wherein the isothiourea derivative is a compound of 
formula (II) 



(II) 



or a salt thereof, wherein R a is a C i_g hydrocarbyl or 5- or 6-membered heterocyclic 
ring or a 9-membered bicyclic heterocyclic ring system each optionally substituted 
by halo or by one or two groups -X a R la wherein R la is hydrogen, Cj.g alky 1, C 3.5 
cycloalkyl, C7.9 aralkyl, Cg.io aryl, or a 5- or 6-membered heterocyclic group each 
optionally substituted by C 1.3 alkyi, C1-3 alkoxy, amino, halo or nitro or R la is a 
group NR 3a R 4a wherein R 3a and R 4a are the same or different and each is 
hydrogen or C 1 .3 alkyi or R 3a and R 4a are linked to form a C2-6 aikylene group 
and X a is oxygen, C(0) m a wherein m a is 1 or 2, S(0) n a wherein n a is 0, 1 or 2 or 
NR 2a wherein R 2a is hydrogen, Ci_6 alkyi or C3-6 cycloalkyl or R 2a is linked to 
R ia to form a C2-6 aikylene group, or by a group 



wherein t is 0 to 4 and w a is 0 or 1 , Y a is oxygen, sulphur and NR? a wherein R 7a is 
hydrogen or C 1.4 alkyi: 

or R a links the sulphur atom to one of the nitrogen atoms in the compound of the 
formula (I) to form a 5- or 6-membered heterocyclic ring, with the proviso that R a is 
not methvl. 
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7) Use according to any of Claim 1 to 6 wherein the isotfaiourea derivative is selected 
from 

S-(2-aminoethyl)isothiourea 

S-(2-(dimethylamino)propyl)isothiourea 

S-(2-methyl-2-propenyl)isothiourea 

S,S'-ethylenebis(isothiourea) 

S.S'-pentamethylenebisCisothiourea) 

S-(2-(dimethylamino)ethyl)isothioiirea 

2-amino-2-thiazoiine 

S,S'- hexamethylenebis(isothiourea) 

S,S - heptamethylenebis(isothiourea) 

S-benzylisothiourea 

S -(2 -morpholinoethy 1) isothiourea 

S-(6-methyl-2-(methyltJiio^ 

S,S'-( 1 ,4-phenyienebis(methylene))diisothiourea 

S-tertbutylisothiourea 

S-(4-ethylbenzyl)isothiourea 

S-((methylthio)methyl)isothiourea 

S-(3-bromopropyl)isothiourea 

S-(2-bromoethyl)isothiourea 

S-(3-methyl-2-butenyl)isothiourea 

S-allylisothiourea 

S-(3-aminopropyl)isothiourea 

S,S-( 1 ,3-phenylenebis(methyiene))diisothiourea 

S,S -(2-methylene- 1 ,3-propanediyl) diisothiourea 

S,S'-(2-butyne- 1 ,4-diyl)diisothiourea 

S,S*-( 1 ,3-pheny lenebis( 1 ,2-ethanediyl))diisothiourea 

S,S'-( 1 ? 4-phenylenebis( 1 ? 2-ethanediyl))diisothiourea 

2-amino-5-methylthiazole 

S-((2-amino-4-thiazolyl)methyl-L-cysteine 

3((2-amino-4-thiazolyl)methyl-L-aianine 

2-amino-4-methylthiazole 

2-amino-4 , 5 -dimethy Ithiazo le 

S-(2-( 1 H-pyrrol- 1 -yl)ethyl)isothiourea 

S -( 3 -hy droxypropy l)isoihiourea 
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S-(2-(phenyi)ethyl)isothiourea 
S-(2-(3-methoxyphenyl)ethyl)isothiourea 

4- ((2-amino^-ihia2olyl)methyl)-L-homoaIanine 
N ; N-L3,phenylenebis(methylene))bis(S-methylisothiourea) 
N ¥ N-( 1 ,3-phenyienebis(methylene))bis(S-ethylisothiourea) 
SK2-(5-((amidinothio)methyl)-2-thienyl)ethyl)isot^ 

5- (3-(4-((amidinothio)methyl)phenyl)propyl)isothiourea 

S^3-(5-(2-anudinothio^ 

S-(2-(4-fluorophenyl)ethyl)isothiourea 

S-(2-(4-bromophenyl)ethyl)isothiourea 

S-(2-(3-methoxyphenyl)ethyl)isothiourea 

S-(2-(3-methyiphenyl)ethyl)isothiourea 

S-(2-(4-ethoxyphenyl)ethyl)isothiourea 

S-(2-(4.methoxyphenyl)ethyl)isothiourea 

S-(2-(2-bromophenyl)ethyl)isothiourea 

S-(2-(2-fluorophenyl)ethyl)isothiourea 

S-(2-(3-nitrophenyl)ethyl)isothiourea 

S-(3-( 1 H-pyrrol- 1 -y l)propy l)isothiourea 

S-(2-(2-chlorophenyl)ethyl)isothiourea 

S-(2-(2,5-dimethylphenyl)ethyl)isothiourea 

S-(2-(4-ethoxy-3-methoxyphenyl)ethyl)isothiourea 

or a salt thereof. 

8) Use according to any of Claims 1 to 3 or 6 wherein the isothiourea derivative is 
selected from 

S-ethylisothiourea 
S-propylisothiourea 
S-i sopropy lisothiourea. 

Use of an isothiourea according to Claim 1 for the treatment of systemic 
hypotension. 

Use of an isothiourea according to Claim i or 2 for the treatment of Septic Shock. 



9) 
10) 
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1 1 ) Use of an isothiourea according to Claim 9 wherein the systemic hypotension is 
caused by cytokine or cytokine-inducing therapy. 

12) Use of an isothiourea according to Claim 1 for the treatment of short term 
immunosuppression. 

13) Use of an isothiourea according to Claim 1 for the treatment of an autoimmune 
disease. 

14) Use of an isothiourea according to Claim 1 for the treatment of an inflammatory 
condition. 

15) An isothiourea derivative of formula(I) other than S-ethylisothiourea, S- 
propylisothiourea, S-isopropyiisothiourea, benzylisothiourea, S,S-(l,4-phenylenebis 
(methylene))diisothiourea and S-(2-(dimethylamino)ethyl)isothiourea for use in 
medicine. 

16) A novel isothiourea derivative of formula (IA), (IB) or (IC) as hereinbefore defined. 

17) An isothiourea derivative according to Claim 16 which is selected from 

S,S'-(l,4-phenylenebis(L2-ethanediyl))diisothiourea 
S-(2-(lH-pyrrol-l-yl)ethyl)isothiourea 
S-((2-amino-4-thiazolyl)methyl)-L-cysteine 
y -(2 , -amino-4-thiazolyl)-L-homoalanine 
S , S'-( 1 ,2 -pheny lenebis( 1 ? 2-ethanediy l))diisothiourea 
P -(2 , -amino-4 , -thiazolyl)-L-alanine 
S-(2 f -amino-5 ? -(R^S)-thiazolinylmethyl)-L-cysteine 

4- ((2-amino-4-thiazolyl)methyl)-L-homoalanine 

N,N-( 1 ,3-phenylenebis(methylene))bis(S-methylisothiourea) 
N,N-( 1 ,3 -pheny lenebis(methylene))bis(S-ethylisothiourea) 

5- (3-(4-((amidinothio)methyl)phenyl)propyl)isothiourea 
S-(2-(5-((amidinothio)methyl)-2-thienyl)ethyl)isothiourea 
S-(3-(5-((2-amidinothio)ethyl)-2-tMenyl)propyl)isothiourea 
S-((2-amino-4-thiazolyl)methyl)-D-cysteine 
S-((2-amino-4-thiazolyl)methyl)-(DX)-homocysteine 
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S-(2-(2-amino-4-thiazolyl)ethyl)-L-cysteixie 

S-(2-(4-fluorophenyl)ethyl)isothiourea 

S-(2-(4-bromophenyl)ethyl)isothiourea 

S-(2-(3-methoxyphenyl)ethyl)isothiourea 

S-(2-(3-methylphenyl)ethyl)isothiourea 

S-(2-(4-ethoxyphenyl)ethyI)isothiourea 

S-(2-(4-methoxyphenyl)ethyl)isothiourea 

S-(2-(2-bromophenyl)ethyl)isothiourea 

S-(2-(2-fluorophenyl)ethyl)isothiourea 

S-(2-(3-nitrophenyl)ethyl)isothiourea 

S-(3 -( 1 H-pyrrol- 1 -y l)propy l)isothiourea 

S-(2-(4-ethoxy-3-methoxyphenyl)ethyl)isothiourea 

S-(2-(2,4,6-trimethylphenyl)ethyl)isothiourea 

S-(2-(2,6-dimethoxyphenyl)ethyl)isothiourea 



and salts thereof. 



1 8) A process for the preparation of an isothiourea derivative according to Claim 16 
which comprises 

a) the reaction of thiourea with a compound RL(L') r wherein R is as 
hereinbefore defined, L and V are both leaving groups and r is 0 or 1 
followed by deprotection if necessary; or 

b) by deprotection of a compound of formula (IB 1 ) 

wherein R' and the dotted line are as hereinbefore defined, and P and P* are 
the same or different and are both protecting groups. 



19) A pharmaceutical formulation which comprises an isothiourea derivative as 
hereinbefore defined other than S-ethylisothiourea, S-propylisothiourea, S, 
isopropy iisothiourea, S-benzylisothiourea, S,S-( 1 ,4-phenylenebismethy lene) 
diisothiourea and S-(2-(dimethylamino)ethyl) isothiourea or a pharmaceutically 
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acceptable salt or solvate thereof, together with one or more pharmaceutical^' 
acceptable carriers therefor and optionally one or more other therapeutic ingredients. 

20) A method of treatment of a condition where there is an advantage in inhibiting the 
NO synthase enzyme which comprises administering a therapeutically effective 
amount of an isothiourea derivative having an inhibitory effect against the NO 
synthase enzyme. 
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